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AIlSTRACT
Lactating pr t mi p ar ou s SOl,S were used to examine relationships among
hypothalamic gonadotropin releasing ho r mo n e (GnRH), serum, and anterior
pituitary gonadotropins and follicular development after weaning or after
adntni s ter ino GnRH pulses (1.5 ug) once hourly for 72 n before we an inq. Control
sows were ei tner sl aughtered at 0 or 72 h after weani ng or IJere cannul ated for
collection of blood samples until 24 h after estrus. Sows pulsed with GnRH were
either slaughtered 72 h after beginning of GnRH treatment or were cannulated for
collection of blood samples until 24 h after estrus. Exogenous GnRH pulsed
hourly during 72 h prior to weaning stimulated follicular growth as
demonstrated by an increase in number of surface follicles >5 mm in diameter and
a decrease in number of follicles <5 mm in diameter. Interval (h) from weaning
to an increase in estraaiol (>16 pg/ml) was less in GnRH-pulsed than in control
SOl'S (P < 0.05), but hours from weaning to estrus were similar between groups.
Ahlounts of GnRH in the med i a 1 basal hypotha 1am us (r'IBH), stalk medi an em i nence
(S/,IE), and hypophyseal por ca l area (HPA) were similar among control sows killed
at a or 72 h ana sows pulsed with GnRH. Serum concentrations of luteinizing
hormone (LH) and frequency of release of LH were similar be-tween GnRH-pulsed and
control sows, but concentrations of LH and follicle stimulating hormone (FSH) in
anterior pituitary we r e lower in GnRH-pul sed sows than control sows.
Administration of GnRH for 72 h prior to weaning in primiparous sows stimulated
follicular growth as mani f es ce d by increased secretion of estrogen; however , the
auoun t of follicular growth was apparently inadequate to hasten the onset of
estrus after weani ng.
\
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lNTRODUCTIOtJ
Suckling by the litcer suppresses secretion of GnRH and thereby l im ts the
amount of LH and FSH secreted during l a c t a t io n in pigs (1). As a consequence,
ovarian follicular development is lower during lactation than after weaning.
The largest foll icles nor mel Iy observed during lactation seldom exceed 5 mmin
diameter, but preovulatory follicles larger than 10 mm usually appear within 4
to 7 d a f i.e r weaning (1). Follicular development during lactation can be
sti mul ated by exogenous gonadotrop ins or by endogenous gonadotropi ns rel easec by
hourly pulse of exogenous GnRH (1, 2).
In previous studies, we observed that nour l y pulses of GnRHwould stimulate
follicular development and estrus in lactating (2) or chronically anestrous
weaned sows (3). In all cases, GnRH was given until 24 h after onset of estrus
or for 7 d, whichever carne first. It is unclear whether shorter periods of
GnkH "treatment during lactation woul d initiate follicular development that vlould
continue after weaning.
Therefore, the objective of tn i s experiment was to determine if nourly pulses
of GnRH for 72 II prior to weaning woui d stimulate follicular grow til and hasten
onset of estrus after weaning in pr i r.i p ar ou s sows. lie also compared changes in
the hypothalamic-tlypophyseal-ovarian axis occurring spontaneously after weaning
to changes occurring after pulsdtile GnRH prior to weaning.
MATERIALSANDMETHODS
Landracex Yorkshire primiparous sows (n 26) that farrowed in i'iarch 1983
and 1actated 24.8 + 0.3 d were used. Litter si ze s were equal ized within 3 d of
par tur it ion and average litter size at weaning was ro.O + 0.2 pigs. Temperature
within the farrowing house was r.iai n t a i ne d a t about 200C by providing
supplemental heat. Lights in the farrowing house were on during feeding and
sample collection, bUL length of photoperiod depended primarily on sunlight froJ,]
windows on both sides of the neuse. During lactation, sows wer e fed ad libitum
a corn-soybean meal diet supplemented with vit arni ns and minerals according to
Nati ona 1 Research Counc il (4) gui de 1i nes.
After farrowing, sows were randomly assigned to control or GnRHtreatment
groups. Control so w s were slaughtered either at weaning (n 5) or at 72 h
after weaning (n 6), or they were checked for estrus twice daily beginning at
weaning (n 5). Sows assigned to recei ve GnRH pulses were administered 1.5 ug
Gnf<H/h intravenously (i.v.) for 72 h before weaning and were slaughtered at
weaning (n 5) or checked for estrus twice daily beginning with initiation of
GnRH (n 5). All control sows and GnRH-treated sows that were not slaughtered
were cannul ated. Cannul as were inserted through d 12-ga needle under local
anesthesia and "ere taped to the skin surface w i t h elastic tape. Ovaries,
anterior pituitaries, and areas of the brain encompassing the hypothalamus were
obta i ned at slaughter. Number of surface ovari an fo 11i c Ies wi th di ameters <5 mm
or >5 rnrn were recorded.
Hypot ha l arai c tissue w as dissected into the medial basal hypothalamus (HBH)
and s t a l k-jned i an eminence (Sf'lE), and the hypophyseal portal area (HPA) was
separated fro III the remainder of t he anterior pituitary as previously described
(5). All tissues were stored in liquid nitrogen until subsequent analyses.
Tissues for de t e r min a t i o n of GnRH (HBH, SHE and HPA) were processed as
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previously described (6). Anterior pi tui tari es were processed as described
previously (5) except that p t tu i t ary extracts were di luted 1:9000 before LH and
FSHassays \iere done.
Blood samples were obtained via indwelling vena cava cannulas at 12-h
intervals from 72 (GnRH-treated) or 0 (control) h before weaning until 24 h
after tile 011 set of estrus. lJlood s au.p l e s vJere also obtained at lS-min intervals
for 411 beginning at 0,24,48, 72 and 96 (GnRH-treated only) h after weaning
or initiation of GnRH, respect ive l y.
Concentrations of FSH (7, 8), LH (9) and GnRH (5, 10) were quantified by
radioimmunoassay. Average coefficients of variation (CVs) were 12.3 and 11.6%
for FSH and GnRH, respectively. Average intra- and inter-assay CVs for seven LH
assays were 11.9 and 16.2%, respectively. Samples collected at 12-h intervals
were subjected to radioimmunoassay for estradiol-17 beta (2). Samples collected
from sows not exhibi ling estrus were analyzed for progesterone (9). Intra- and
inter-assay CVs for six estradiol assays w e r e 13.8 and 14.9%, respectively.
Concentrations of estradiol less than two times the assay sensitivity were
designated less than basal «H; pg/ml l.
Least-squares analyses of vari ance vJere by procedure General Linear I'lode 1 s of
the Statistical Analysis System (I I}. Corapar i s ons of tissue content of GnRH, LH
and FSH and follicle numbers between control and GnRH-pulsed sows wer'e made by
Student's t-test (12). Content of GnRH in 1·\[lH was transformed to log 10 to
renove (P > 0.2) heterogeneity of variance (13). Duncan's multiple-range test
(12) was used to separate means (0 h, 72 h , and GnRH). Di fferences in serum
levels of LH and estradiol and frequency of LH release Ilere analyzed using
split-plot analysis of variance (14). ncdc l s included treatment group, hours
from weaning, and the treatment x hour interaction. F~equency of episodic
release of LH was determined by a s ub je c t i ve method as oescribed previously
(15) .
RESULTS
One sow in the GnRH-treated group failed to exhibit estrus and ovulate
following weaning; thus) progesterone and estradiol remained less than 1.0 ng/ml
and 9 pg/ml, respectively, and i111 data for that sow were deleted. Intervals
(h) from weaning to estrus vJere s i f'Ji l ar between control (93 + 5, X + SEt'i) and
GnRH-treated sows (ri 4, 69 + 14). Estradiol Vias elevated (>16 pg/ml) prior to
weaning in two of four GnRH-treated sows (Figure 1), but interval s from weaning
to estrus were similar (range 24 to 96 11) in all four GnRH-treated sows.
Average interval (h) from weani ng 1.0 elevated estradi 01 was greater in control
(43 9) than GnkH-treated (15 + 9, P 0.07) sows. Al so, concentrati ons of
estradiol before and/or after weaning "ere elevated above basal (>16 pg/ml) for
a longer period (h) in GnRH-treated (84 + 4) than control sows (53 + 6,
P<O.05) .
Concentrations and frequency of release of LH in control and GnRH-treated
sows are shown (Table 1). He an concentration and frequency of episodic release
were similar between groups and did not change significantly vlith interval from
\ieaning or beginning of GnRH treatment.
Oa~ from control sows slaughtered at 0 or 72 h after weaning and for GnRH-
treated sows slaughtered immediately after weaning are presented (Table 2).
Levels of GnRH in the r·lllH, St·IE and HPA were not affected by interval from
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weaning or GnRH treatment. However, anterior pituitary concentration of LHwas
lower in GnRH-pul sed sows than in control sows ki lled at 0 h (P 0.06) or 72 i:
(P 0.09). Simi larly, pituitary FSH concentration was lower in GnRH-pulsed
sows than in O-h (P 0.03) or 72-h (P o.on control sows.
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Figure 1.
Table 1.
-72 -48 -24 0 24
HOUR FROM WEANING
48 72 96 120
Average concentra t ions of es trad i ali n weaned contra 1 sows in 0 5.
---) and sows pulsed with GnRH in which estradiol increased In 0
2 --------) or remained basal (n 2 -) before weanllig.
Standard errors ranged from 0 to 9 and 0' to 23 for control and GnRH'
treated sows, respectively.
Hours
from weani ng
or GnRH
LH, ng/mla
Nean concentration of LH and frequency of release of LH in ,weanea
control sows and sows pul sed with GnRH for 72 h prior to weamng
Control GnRH
Frequency, peaks/4 h
Control GnRH
a
24
48
72
96
1.08 ± 0.04b
0.99 ± 0.03
1.79 ± 0.26
0.71 ± 0.02
1.33 ± 0.05
0.90 ± 0.06
1.19 ± 0.07
0.89 ± 0.42
1.15 ± 0.91
1.8 ± 0.4
2.5 ± 0.6
2.0 ± 0.4
2.2 ± 0.2
2.8 ± 0.5
2.6 ± 0.6
2.2 ± 0.3
2.0 ± 0.3
1.8 ± 0.4
~Average of 17 samples/sow/4 h.
f-jean + SEr·1.
= 
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Characteristics of populations of surface ovari an foll i c l e s are presented
(Table2). Number of follicles < 5 mm in diameter was lower in Or h than in 72-1i
control sows (P < 0.05l. Number of s mal l follicles was lower in GnRH-treated
sowsthan in either group of control sows. Number of follicles with diameters>
Smmwas greater in GnRH-pulsed than in O-h controls (P < 0.05), w i t h 72-h
controls having an intermediate number (Table 2).
DISCUSSION
Results from thi s experi ment i ndi cate that hourl y pul ses of GnRH for 72 h
prior to weaning stimulated ovarian follicular growth in lactating primiparous
sows. Follicular growth, as estimated from number of foll icles of different
sizes, was greacer in GnRH-pulsed sows than in sows slaughtered 0 or 72 h after
weaning. Previous studies have demonstrated that the number of small follicles
decreases concomitant witli an increase in the number of large follicles during
the period from weaning to estrus (1).
This study revealed that the durati on of GnRH pul ses necessary for
stimulation of sufficient follicular growth to induce estrus during lactation in
primiparous SO\;S is greater than 72 h. Giving 72 hourly pulses of GnRH prior to
weaning induced some follicular growth, but the onset of estrus after weaning
vas not significantly different from that observed for controls. Follicular
changes in sows given GnRHwer e similar to those that occurred during 72 h after
weaning in control sows. Two of four GnRH-pul sed SOl-IS had elevated estradiol
levels within 48 h after beginning GnRH, and estradiol levels rernat ned above
basal after weaning in these sows (Figure L) . In previous studies in w hi c h
estrus was induced in lactating (2, 16) or chronically anestrous (3) sows, GnRH
'las administered until onset of estrus or 24 n after onset of estrus, wh-ich
occurred between 72 and 123 h after onset of GnRH treatment.
I-Iecannot determine wny elevated estradiol during lactation in two GnRH-
treated sows did not induce estrus before weaning or result in shorter intervals
from weaning to estrus (Figure 1). Suckling-induced increases in
glucocorticoids or endogenous opioia pe pt i de s (EOPs) may have altered the
ability of estradiol to induce estrus. For example, elevated e s t r ad io l levels
during Day 16 to 42 of lactation were not a s s oc i a t e d with estrus (In, and
estradiol treatment of sows at weaning resulted in only weak signs of estrus,
although e s tr a d t o l was elevated (>40 pg/ml) for 7 d (18). A suckl ing-induced
rise in cortisol may have blocked estrus until after weaning. A sy n trie t i c
glucocorticoid blocked estrus in estradiol benzoate-treated gilts in spite of
estradiol levels similar to control gilts exhibiting estrus (19). Concentration
of tOPs are elevated during lactation in the sow (20) and blocking EOP receptors
faci i tated es trus in the es trogen-pri med rat (21).
Factors associated with suckling may have influenced the responsiveness of
the hypothalamic-hypophyseal axi s of pri mi parous sows to GnRH and estradiol.
Although direct compar isons have not been made, intervals from beginning of GnRH
pulses to estrus are typically longer in lactating primiparous (16) than
multiparous sows (2). Ho r e o ver , itis well e s t ab l i sne d that duration of
postweaning anestrus is longer in primiparous than in multiparous sows (22, 23).
This difference between primiparous and multi parous sows apparently is
associated with suckling, because interval f r om onset of GnRH pulses to estrus
in weaned, chronically anestrous, primiparous sows (3) Vias similar to intervals
for GnRH-treated lactating multiparous sows (2). Responsiveness of the anterior
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pituitary and hypothalamus to GnRH (24) and estradiol benzoate (25),
respectively, changes as lactation progresses. Therefore, di fferences may exi st
in response of the hypothalamic-hypophyseal-ovarian axis to endocrine
stimulation.
Hourly pulses of GnRH may have affected follicular growth independent of the
hypothalamic-hypophyseal axis, because the number of small follicles «5 mm in
diameter) was lower in GnRH-pulsed than in ei ther group of control sows. This
observation is consistent with a recent report (26) that demonstrated a possible
physiological role of GnRH or GnRH-like material as an atretic signal in the
ovary.
Although serum level s of LH were s imi 1ar between control and GnRH-pul sed
sows, concentrati ons in the anterior pi tui tary were greater in control s (Table
2). Different frequencies of GnRH stimulation of the anterior pituitary may
have affected pituitary stores of LH, because Clarke and Cummins (27) recently
reported that releasable pools of anterior pituitary LH increased with decreased
frequency of GnRH stimulation. Frequency of release of LH in GnRH-pulsed sows
was not significantly greater than in control sows (Table l ), Cox and Britt (2)
reported that LH peaked from 5 to 10 min after GnRH in lactating sows. In our
study, samples were not obtained until 15 min after GnRH; t hus, we may not have
detected all episodes of release of LH induced by exogenous GnRH.
Serum FSH 1eve 1s were not measured in th is study because seru m and pi tu i tary
FSHare similar before and after weaning (1). In addition, anterior pituitary
content of FSH reflects physiological changes in secretion, because in a
companionstudy (28), we found that sows weaned duri ng summer had greater serum
FSHbut lower anterior pituitary FSH than sows weaned during winter.
The observation that sows with greater levels of pituitary FSH also had a
greater number of small foll icles (Table 2) may indicate a greater output of
inhibin from small follicles and thus a greater inhibition of FSH release from
the anterior pituitary (29). Cauterization of ovarian follicles >3 mm in
diameter resulted in el evated serum FSH level s 24 to 36 h 1ater in 1actati ng
sows (30). Differences in pituitary FSH were probably not directly related to
GnRHpulsing because hypothalamic content of GnRH and serum and pituitary LH
increased from 0 to 96 h after weani ng whi 1e serum and pi tui tary FSH rtrna ined
unchanged (1), Stevenson et a1. (9) demonstrated that LH and FSH are under
divergent control during lactation in the pig. They found that FSH but not LH
increased following ovariectomy in lactating sows.
The observation that content of GnRH in the hypothalamus and concentration
of LHin the anterior pituitary did not change between 0 and 72 h after weaning
in control sows was unexpected. Previ ousl y, we reported that hypothalami c GnRH
and levels of LH in the anteri or pi tui tary increased from 0 to 60 h after
weaning (5). In this study, values of GnRH in r'lBH were highly variable. In
particular, one sow in the O-h control group had an extremely high amount of
GnRHin the MBH(382 nq), In the initial studies, animals were not sacrificed
until the fifth or sixth week of lactation and litter sizes were only 60 to 70%
as large as in the present study. Also, multiparous sows were used in the
initial study. Therefore, the abil i ty of the hypothal amus to respond to weani ng
by increasing synthesis of GnRH may have been greater in the initial s tud ies ,
Exogenous GnRH, pulsed at hourly intervals for 72 h prior to weaning,
apparently stimulated follicular growth in primiparous sows; however, interval
( 
from weani ng to estrus was not i nfl uenced by GnRH treatment. This was
apparently because the period of stimulation was inadequate to promote a
continuation of follicular growth after cessation of GnRH treatmenL
REFERENCES
1. Britt, J.H., Armstrong, J.D., Cox, N.H. and Esbenshade, K.l,
Control of follicular development during and after lactation in sows. C,
Reprod. Ferti 1. Suppl. 33:37-54 (1985).
2. Cox, N.M. and Britt, J.H. Pulsatile administration of GnRHto lactatir,~
sows: endocrine changes associated with induction of fertile estrus, \
Biol. Reprod. 1l:1126-1137 (19B2).
3. Armstrong, J.D. and Britt, J.H. Pulsatile administration of gonadotropin
rel easi ng hormone to anestrous sows: endocri ne changes associ ateu with
GnRH-induced and spontaneous estrus. Biol. Reprod. 33:375-380 (1985).
4. National Research Council. Nutrient Requirements of Pigs, National
Academy of Sc i ence Nati ona 1 Research Counc i 1, Washi ngton, D.C., 1979,
pp , 21-25.
5. Cox, N.M. and Britt, J.H. Rel at ionsh ips between endogenous gonadotropin-
releasing hormone, gonadotropins and follicular development after weanin~
in sows. Biol. Reprod. 32.:70-78 (1982).
6. Estes, K.S., Padmanabhan, Y. and Convey, E.M. Localization cf
gonadotropin releasing hormone (GnRH) within the bovine hypothalamus.
Biol. Reprod • .!2.:706-711 (1977).
7. Guthrie, H.D. and Bolt, D.J. Changes in p l as ma-e s t roqen, luteinizin~
hormone, foll icle stimulating hormone and 13,14-dihydro-1S-keto-
pr o s t a q l an d i n F2a during blockade of l ut e o l ys i s in pigs with human
chorionic gonadotropin treatment. J. Anim. Sci. 57:993-1000 (1983).
8. Esb en s hade , K.L. and Britt, J.H. Active immunization of gilts against
gonadotropin-releasing hormone: Effects on secretion of gonadotropins,
reproductive function and responses to agonists of GnRH. Biol. Reprod.
33:569-577 (1985).
9. Stevenson, J.S., Cox, N.M. and Britt, J.H; Role of the ovary in
controlling luteinizing hormone, follicle stimulating hormone, and
prolactin secretion during and after lactation in pigs. Biol. Reproa.
24:341-353 (1981).
, .~~:
10. Koch, Y., Wilchek, M., Fridkin, M., Chobsieng, P., lor, U. and Lindner,
H.R. Production and characterization of an an t i serum to synthetic
gonadotrolJin-releasing hormone. Biochem. Biophys. Res. Comm. ~:61b
(1973) .
11. Statistical Analysis Sys t e ms , SAS User's GUide:.Statistics. Statistical
Analysis System Institute, Inc., Cary, NC, 1982.
-
" 
12. Steel, R.G.D. and Torrie, J.H. Principles and Procedures of Statistics: A
Biometrical Approach. McGraw-Hill Book Company, New York, 1980, pp. 187-
188.
13. sokal , R.R. and Rohlf, F.J. Biometry. W.H. Freeman and Company, San
Franci sec, CA, 1969. pp, 367-384.
14. Gill, J.L and Haf s , H.D. Analysis of repeated measurements of animals.
J. Anim. Sci. 33:331-336 (1971).
15. Stevenson. J.S. and Britt, J.H. Relationships among luteinizing hormone,
estradiol, progesterone, glucocorticoids, milk yield, body weight and
postpartum ovarian activity in Holstein cows. J. Anim. Sci. 48:570-577
(1979).
16. Ramirez, J.L .. Cox, N.h. and Bennet, W.A. Characteri zati on of estrus
and ovulation in lactating sows given pulsatile gonadotropin-releasing
hormone terminated at estrus or 24 h later. J. Anim. Sci. 6l(Suppl. 1):44
abstr. (1985).
17. Edquist,L.E., Einarsson, S. and Settergren. 1. Ovarian activity and
peripheral plasma levels of oestrogens and progesterone in the lactating
sow. Theri ogeno logy 1:43-49 (1974).
lB. Edwards, S. and Foxcroft, G.R. Response of sows to oestradiol benzoate
treatment after weaning at two stages of lactation. J. Reprod. Fertil.
£2.:173-180 (1983).
19. Pat e r son, A. ~1., Can t l e y , T. C. , E s ben s had e , K. L. and Day, 8 . N.
Glucocorticoids and estrus in swine. II. Plasma concentrations of
estradiol-17 beta, glucocorticoids and luteinizing hormone in
ovariectomized gilts given estradiol benzoate and triamcinolone
acetonide. J. Anim. Sci. ~:466-470 (1983).
20. Armstrong, J.D., Kraeling, R.R. and Britt, J.H. Endogenous opioid
peptides mediate the effects of suckling on LH during lactation in sows.
J. Anim. Sci. ~(Suppl. 1):57 abstr. (1986).
21. Allen, D.L., Renner, K.J. and Luine, V.N. Naltrexone facilitation of
sexual receptivity in the rat. Horm. and Behav. 12.:98-103 (1985).
22. Karlberg, K. Factors affecti ng postweani ng oestrus in the sow. Nordi sk
Veterinaermedicin g:185-193 (1980).
23. Britt, J.H., Szarek, V.E. and Levis. D.G. Characterization of summer
infertility of sows in large confinement units. Theriogenology 20:133-140
(1983).
24. Bevers, M.M., Willemse, A.H., Kruip, Th. A.M. and Van de Wiel, D.F.M.
Prolactin levels and the LH response to synthetic GnRH in the lactating
sow. Anim. Reprod. Sci. ±:155-163 (1981).
25. El saesser, F. and Parv i z i , N. Part i a 1 recovery of the s t i mu 1 a tory
oestrogen feedback action on LH release during late lactation in the pig.
J. Reprod. Ferti 1. 59:63-67 (1980).
-
-
-
I
26. Birnbaumer, L., Shihabi, N., Rivier, J. and Vale, W. Evidence fora
physiological role of gonadotropin-releasing hormone (GnRHJor GnRH-liKe I
material in the ovary. Endocrinology ~:1367-1370 (1985). I
27. Clarke, 1.J. and Cummins, J.T. GnRH pulse frequency determines pulse
amplitude by altering the amount of releasable LH in the pituitary glands
of ewes. J. Reprod. Fertil. 21.:425-431 (1985).
28. Armstrong, J.D., Bri t t , J.H. and Cox, N.M. 'Seasonal di fferences in
function of the hypothalamic-hypophysi al-ovari an axis in weaned
pri miparous sows. J. Reprod. Fert. 78:11-20 (1986).
29. Franchimont, P., Henderson, K., Verhoeven, G., Hazee-Hagelstein, ~I.T.,
Charlet-Renard, C., DeMoulin, A., Bourquignon, J.P. and LeComte-Yerma,
M.J. Inhibin: mechanisms of action and secretion. In: Franchimont, P. and
Channing, C.P. (eds.). 1ntragonadal Regulation otReproduction. Acaderic
Press, NY, 1981, pp. 166-191.
30. Cox, N.H. and Bri tt , J.H. Postweaning estrus in sows is not prevented by
electrocauterization of ovarian follicles before weaning. J. Anim. Sci.
(Supp l • 1):34 abstr. (19B3).~ 
I 
